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Voiding function study with ultrasound in male and female nant in male neonates than in females [2–4]. Proposed
neonates. explanations for this high incidence of urinary infection
Background. The neonatal period has been characterized in neonates, especially boys, involve greater residualas a time when males have a much higher incidence of urinary
urine [5], as well as a high incidence of urinary tractinfection and severe ureteral reflux than females. However,
anomalies [6] and phimosis [7]. It has been accepted thatlittle information about the voiding function in the neonatal
period is available. postvoid residual urine in later infancy and childhood is
Methods. The bladder urine volumes, before and after void- a sign of dysfunctional voiding [5, 8–10], indicating the
ing, and urinary flow rates were determined with the use of presence of emptying problems in the bladder, and isnoninvasive voiding-provocation maneuvers and ultrasound in
one of the major factors involved in the pathogenesis ofthe apparently normal neonates.
urinary tract infections [11–16]. Recent fetal ultrasoundResults. There was no significant difference in the prevoid
bladder urine volume between the two sexes. After they were screening programs preidentified many neonates with
stimulated to enhance the tension of their abdominal wall mus- severe ureteral reflux, which is approximately three times
culature, 65 of 118 females (55.1%) and 64 of 115 males (55.7%)
more common in boys than in girls [17, 18]. This malevoided. The voiding was observed in 94 (81.0%) of the 116
preponderance is also observed in infants who were diag-neonates who had had a prevoid volume above 12 ml. The
residual urine expressed as a percentage of the prevoid volume nosed as having severe ureteric reflux after the develop-
was significantly higher in the males (median, 12.0% in males ment of urinary infection, in whom urodynamic study
vs. 3.0% in females, P , 0.01), with the values being above revealed dysfunctional voiding [12, 19]. These findings
20% in 26 (41%) of the 64 males compared with 10 (15%) of
suggest that immature or dysfunctional voiding may af-the 65 females (P , 0.01). Urinary flow rates, determined in
fect more male neonates than females, which may be52 neonates, were significantly smaller in males than in females
(mean 6 sd, 2.6 6 0.9 g/second vs. 3.8 6 1.3 g/second, respec- the cause of the preponderance of males in the incidence
tively, P , 0.001). of urinary tract infection and severe ureteric reflux in
Conclusion. This voiding function study with ultrasound us- the neonatal period.ing noninvasive voiding-provocation maneuvers successfully
However, little information about the voiding functionrevealed that male neonates have a larger residual urine vol-
in the neonatal period is available [11, 12, 20, 21]. Evenume and smaller urinary flow rates than female neonates. This
study should be useful for the diagnosis of voiding dysfunction normal values for the postvoid residual urine have not
in children with abnormal urinary symptoms. been established for younger infants as well as neonates
[11, 12]. This situation can be ascribed to the difficulty
of knowing when babies will micturate, which has also
In the neonatal period, the incidence of symptomatic hampered the collection of appropriate urine samples
urinary tract infection is higher than in later infancy and for urinalysis and bacterial culture without using invasive
childhood [1]. It is also recognized that symptomatic procedures in order to gain a prompt diagnosis of urinary
urinary infection or covert bacteriuria is more predomi- infection in babies [22, 23].
Recently, ultrasound has become available as a nonin-
vasive means to evaluate bladder urine volumes, and ourKey words: urinary flow rate, ultrasonography, infection, vesicoure-
teral reflux, growth and development. previous study [24] demonstrated that, as a reflex to light
stimuli, neonates could be provoked to contract theirReceived for publication June 16, 1998
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and the urinary flow in the apparently normal neonates
without any demonstrable urinary tract anomalies.
METHODS
Subjects
Twenty-six infants, 14 boys and 12 girls, aged from 1 to
12 months (median, 4 months), who underwent voiding
cystourethrography or catheterization for diagnosis of
urinary infection, were examined first to obtain a formula
for the ultrasound evaluation of bladder urine volume
as described elsewhere [25]. Some modifications were
made to improve the accuracy, especially for low bladder
volume. The bladder was scanned after insertion of a
catheter so that the urine in the bladder could be with-
Fig. 1. Correlation between the products of the three measures of
drawn for measurement of the actual bladder urine vol- the bladder, DHW [anterior/posterior (D), superior/inferior (H), and
transverse (W) dimensions], and the actual bladder urine volumes asume immediately after the scanning. Scanning of the
measured using catheterization of the bladder in 26 infants. Regressionbladder was performed in both the sagittal and trans-
analysis showed a close correlation between the two measurements
verse planes using a 5 MHz convex transducer and a (r 2 5 0.989). The curve indicates a regression equation of volume 5
0.741 3 DHW 2 0.00263 3 DHW 2.real-time ultrasound scanner (Hitachi EUB 450; Hitachi
Co. Ltd., Tokyo, Japan) equipped with a videocassette
recorder and a playback interface unit. The anterior/
posterior (D) and superior/inferior (H) dimensions on
and 30 girls) of the 233 neonates at the mean age of 3.7the greatest sagittal plane and the transverse dimension
days (sd, 2.0 days). Micturition was encouraged with the(W) on the greatest transverse plane were determined
voiding-provocation maneuver as described earlier here.on reviewed pictures using electronic calipers installed
Voided urine volumes were assessed as the weight incre-in the ultrasound scanner. A regression equation was
ment of the diapers after the micturition. The micturitioncalculated between actual bladder urine volumes and the
time that elapsed from the start to the end of the urinaryproducts of D, H, and W (DHW).
stream was measured using a stopwatch. Mean urinaryThe normal subjects consisted of 233 neonates, 118
flow rates were calculated as the voided urine volumegirls and 115 boys, who were born in Fukui Medical
divided by the micturition time and were compared be-University Hospital and, with ultrasonography, were
tween boys and girls.confirmed to have no urinary tract anomalies. The aver-
Informed consent for the study was obtained from theage birthweight was 3103 6 406 g (mean 6 sd), the ges-
parents of the subjects. The statistical methods used weretational age 39.7 6 1.5 weeks (mean 6 sd), and the age
the Mann–Whitney test, unpaired t-test, contingency ta-4.4 6 3.0 days (mean 6 sd). The bladders of the neonates
ble method, and Pearson’s correlation coefficient testwere scanned as described above at 20 minutes or longer
where appropriate.after feeding. The voiding-provocation maneuver, which
has been previously described [24], was then performed.
Babies were pressed lightly on their lower abdomen with
RESULTSan ultrasound transducer or pinched lightly on the pads
The products of the three measures of the bladder,of their feet to make them contract their abdominal wall
DHW, ranged from 0.0 to 91.0 cm3 in the 26 infants. Themusculature and to enhance intra-abdominal pressure.
actual bladder urine volume, which was measured usingWhen the baby contracted its bladder and voided, the
catheterization of the bladder, ranged from 0.0 to 49.0 ml.examiner scanned the bladder again for evaluation of
Ultrasound scanning could identify the empty bladderthe postvoid residual urine volume and the kidneys for
accurately in infants. There was a very close correlationdetection of transient renal pelvic dilation as an indicator
between the product of the three ultrasound measuresof significant ureteral reflux [24].
of the bladder (DHW) and the actual bladder urine vol-The bladder urine volumes before and after micturi-
ume (r 2 5 0.989, P , 0.0001), as shown in Figure 1. Fromtion were calculated using the regression equation ob-
the correlation between the two measurements, it seemedtained earlier in the study. The postvoid residual urine
appropriate to use polynomial regression analysis of thewas expressed both in milliliters (residual volume) and
secondary degree with fixation of the ordinate interceptionas a percentage of the prevoid bladder urine volume (the
at 0 (Fig. 1). Thus, a regression equation of volume 5residual percentage).
Urinary flow rates were determined in 52 (22 boys 0.741 3 DHW 2 0.00263 3 DHW 2 was obtained.
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The prevoid bladder urine volume in the 233 normal
neonates, estimated using the equation given earlier in
this article, ranged from 0.0 to 42.2 ml. The prevoid
volume for the female neonates was 13.9 6 9.1 ml (mean 6
sd), and that for the male neonates was 12.4 6 8.5 ml
(mean 6 sd). No significant difference was found in the
prevoid volumes between the two sexes.
The voiding-provocation maneuver first enhanced the
tension of the abdominal wall musculature and then elic-
ited the bladder contraction and micturition usually within
a few minutes after the initiation of the maneuver. Obser-
vation of the bladder with ultrasound in its transverse
section helped us to know when the bladder contracted.
The transverse section of the bladder changed shape
from rectangular to oval and finally circular as the detru-
sor of the bladder contracted, as shown in Figure 2.
Micturition was observed in 65 of 118 girls (55.1%) and
64 of 115 boys (55.7%). When the bladder was filled with
a greater amount of urine, the micturition was observed
more often, as shown in Figure 3. It should be noted
that micturition was observed in most of the subjects
with enough bladder urine, that is, in 81.0% of the neo-
nates who had a prevoid volume above 12 ml, whereas
in only 50.0 and 8.3% of those with urine of 6 to 12 ml
and below 6 ml, respectively. The micturition could be
elicited easily in both the male and female neonates
when the bladder was filled with urine. None of the
neonates in this study showed transient renal pelvic dila-
tion on voiding.
Postvoid residual urine was found frequently in the
neonates. The effects of the prevoid bladder urine vol-
ume on the postvoid residual urine volume and on the
residual percentage was analyzed. The residual volume
was partly reflected by the prevoid volume (r 2 5 0.207,
P , 0.0001), as shown in Figure 4. Thus, the greater the
prevoid volume, the larger the residual volume. This was
also true when the two values were compared for only
Fig. 2. Ultrasound pictures showing transverse scanning of the bladderthe voiders with the prevoid volumes above 12 ml (r 2 5
before and during contraction of the bladder detrusor. Before the void-0.181, P , 0.0001) or above 24 ml (r 2 5 0.242, P , 0.01). ing-provocation maneuver, the bladder shape appeared rectangular and
In contrast, no significant correlation was found between flaccid (A). Soon after the procedure, the bladder shape gradually
became oval (B), indicating the initiation of bladder detrusor contrac-the residual percentage and the prevoid bladder volume,
tion. When the bladder became circular (C), micturition started.either when analyzed in all the voiders (r 2 5 0.026, P 5
0.071) or when examined for only the voiders with the
prevoid volumes above 12 ml (r 2 5 0.027, P 5 0.113) or
24 ml (r 2 5 0.107, P 5 0.089). revealed the difference between the two sexes, as shown
in Figure 5, with a median value of 12.0% in males versusThe male neonates showed significantly higher resid-
ual volumes than the females (median, 1.6 ml for males 3.0% in females (P , 0.01). The residual percentage
above 20% was observed in 26 (40.6%) of the 64 maleand 0.5 ml for females, P , 0.05). The proportion of
residual volumes above 5 ml was found in 20 of the 64 neonates compared with 10 (15.4%) of the 65 female
neonates (P , 0.01).males (31.3%) versus 10 of the 65 females (15.4%, P ,
0.05). When analyzed for only the voiders who had pre- The voided urine volume in the 52 neonates (22 boys
and 30 girls) who were examined for determination ofvoid volumes above 12 ml, the residual volume showed
a more definite difference between sexes, with a median the urinary flow rates showed no gender difference: 18.8 6
8.5 g in boys versus 19.2 6 5.8 g in girls (mean 6 sd).value of 4.3 ml for males and 0.7 ml for females (P , 0.01).
Comparison of the residual percentages more clearly However, the micturition time was significantly longer
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Fig. 5. Distribution of the postvoid residuals expressed as the residual
percentage in the female and the male neonates. The male neonates
had significantly larger residual percentage than the females (P , 0.05).
Fig. 3. Distribution of the prevoid bladder volume in the female and
the male neonates. The shaded columns indicate the number of neonates
who voided after the voiding-provocation maneuver.
P , 0.001; Fig. 6). Only one (4.5%) of the 22 male
neonates had a mean urinary flow rate above 4 g/second,
whereas 11 of the 30 female neonates (36.7%) did.
DISCUSSION
Ultrasound is widely used to evaluate the bladder
urine volume because it is noninvasive and informative
about the bladder structure [25–31]. There are many
factors, however, influencing the accuracy of ultrasound
evaluation of the bladder volume, such as the bladder
shape [31], bladder volume [30], the subject’s age [25],
and the formula used [30]. The time lag between the
ultrasound measurement and the actual urine volume
measurement using catheterization is one of the major
sources of error in evaluation of the bladder urine vol-
umes, especially for small volumes [32]. In this study, a
catheter was placed in the bladder in advance of scanningFig. 4. Association between the prevoid bladder urine volume and the
postvoid residual urine volume. A significant correlation was observed the bladder so that the bladder urine could be collected
between the two measurements (r 2 5 0.207, P , 0.0001). immediately after the scanning. This method revealed
that no urine was actually obtained with catheterization
when the ultrasound revealed no bladder urine, support-
ing the previous findings [29]. Therefore, polynomial in-in the males than in the females (mean 6 sd, 7.4 6 2.8
stead of linear regression analysis with fixation of thesecond vs. 5.5 6 2.0 second, respectively, P , 0.01), so
ordinate interception at 0 seemed appropriate to obtainthat the mean urinary flow rates were significantly lower
a more suitable regression equation, especially for thein the male than in the female neonates (mean 6 sd,
2.6 6 0.9 g/second vs. 3.8 6 1.3 g/second, respectively, lower volume. These improvements in obtaining the for-
Hiraoka et al: Voiding function in neonates1924
noninvasive and highly successful when the bladder is
filled with urine. The same maneuver also seems useful
for other purposes such as clean-catch urine collection
in place of such invasive methods as catheterization or
suprapubic puncture for urinalysis or bacterial culture
from the babies suspected of having urinary infection.
This method holds a special advantage because recent
observations have alerted clinicians that invasive proce-
dures in neonates affect their pain responses in later life
and that greater efforts towards less invasive manage-
ment of neonates are needed [33].
In older children who have established self-micturition
and have large bladders, complete emptying of the blad-
der is usually seen, and the residual urine is normally
found to be less than 5 ml [9, 15, 16] or the residual
percentage normally below 5% for children aged two to
seven years, and below 2% for children over seven years
[34]. However, in infants who have not established self-
micturition, little information on residual urine is avail-
able [11, 12, 19–21]. This study showed that the absolute
residual urine volume depended on the prevoid bladder
urine volume even if the bladder was filled with urine
above 24 ml. In contrast, the residual percentage did not
depend on the prevoid volume. It appears, therefore,Fig. 6. Distribution of the urinary flow rates in the female and the
that the residual percentage may be the indicator ofmale neonates. The male neonates showed significantly smaller values
than the females (P , 0.001). choice for the bladder emptying function in neonates
rather than the absolute values of the residual urine.
O’Donnell and O’Connor first examined the bladder
function using suprapubic puncture of the bladder in
mula for estimation of the bladder volume from the infants and children who developed urinary infection or
ultrasound measurements as well as the homogenous had dysfunctional voiding [5]. They observed that the
age group of the subjects with a normal bladder shape bladder of the infant aged less than one year is character-
seemed to enable an accurate estimation of the bladder ized by a high resistance of the outflow tract and a low
urine volumes, even for small volumes. mean urinary flow rate (almost all under 3 ml/second)
It is well accepted that the infant bladder appears to in comparison to the older children (normally above 3
be a reflex organ in which stretch receptors within the ml/second), regardless of comparable voiding pressure,
bladder wall initiate a detrusor contraction at a relatively and that residual urine was commonly seen, especially
low volume [8]. A recent study revealed that most in- in male neonates. In contrast, Osborne et al observed
fants’ voidings occur within the first 10 minutes after that postvoid residual urine was similarly common in
awakening [20]. This study using noninvasive ultrasound both the normal male and female neonates [35]. Hjalmas
observed micturition without use of catheterization in a observed that the residual percentage was usually below
large number of neonates and revealed some characteris- 20% in infants below the age of two with urinary symp-
tics of micturition in the neonatal period. Stimuli such as toms and showed no difference between sexes [34]. Re-
light pressure on the lower abdomen with an ultrasound cent studies also observed no significant difference in
transducer or light pinching of the foot pad were able residual urine between sexes [20, 21]. Yeung et al found
to bring about micturition, confirming our previous pre- postvoid residual volumes above 30% only in infants
liminary findings [24]. This study further revealed that with ureteric reflux and not in 21 control infants without
micturition was elicited in almost all the neonates having reflux [19]. All of the previous studies, however, mea-
more than 12 ml of urine in their bladders. The micturi- sured residual urine among a small group of infants with
tion seemed to occur as a reflex to enhanced tension of a large age range that included either no or only a few
the abdominal wall musculature through increased intra- neonates. Our study in a larger number of apparently
abdominal pressure [8]. There was no significant differ- normal neonates showed that both the male and female
ence in the prevoid bladder volume or the occurrence neonates commonly had residual urine, and notably re-
of micturition between the male and female neonates. vealed that the residual urine was significantly greater
in male than in female neonates. The proportion of theThis voiding-provocation maneuver with ultrasound is
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